Automatic Decomposition of Complex thin Walled CAD Models for Hexahedral Dominant Meshing  by Sun, Liang et al.
 Procedia Engineering  163 ( 2016 )  225 – 237 
Available online at www.sciencedirect.com
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of IMR 25
doi: 10.1016/j.proeng.2016.11.052 
ScienceDirect
WK,QWHUQDWLRQDO0HVKLQJ5RXQGWDEOH
$XWRPDWLFGHFRPSRVLWLRQRIFRPSOH[WKLQZDOOHG&$'PRGHOVIRU
KH[DKHGUDOGRPLQDQWPHVKLQJ
/LDQJ6XQ&KULVWRSKHU07LHUQH\&HFLO*$UPVWURQJ7UHYRU75RELQVRQ
6FKRRORI0HFKDQLFDODQG$HURVSDFH(QJLQHHULQJ4XHHQ¶V8QLYHUVLW\%HOIDVW%7$+8.
$EVWUDFW
7KLVSDSHUGHVFULEHVDQDXWRPDWLFPHWKRGIRULGHQWLI\LQJWKLQVKHHWUHJLRQVUHJLRQVZLWKODUJHODWHUDOGLPHQVLRQVUHODWLYHWRWKH
WKLFNQHVV IRUFRPSOH[ WKLQZDOOHGFRPSRQHQWVZLWKDYLHZWRXVLQJ WKLV LQIRUPDWLRQ WRJXLGH WKHKH[PHVKLQJSURFHVV7KLV
IXOO\DXWRPDWHGPHWKRGKDVEHHQLPSOHPHQWHGLQDFRPPHUFLDO&$'V\VWHP6LHPHQV1;DQGLVEDVHGRQWKHLQWHUURJDWLRQDQG
PDQLSXODWLRQRIIDFHSDLUVZKLFKDUHVHWVRIRSSRVLQJIDFHVERXQGLQJ WKLQVKHHW UHJLRQV&DUHIXOFRQVLGHUDWLRQ LVJLYHQ WR WKH
PDSSLQJPHUJLQJDQG LQWHUVHFWLRQRI IDFHSDLUV WRJHQHUDWH WRSRORJLHV VXLWDEOH IRU VZHHSPHVKLQJ WKLQVKHHW UHJLRQVDQG IRU
WUHDWLQJ WKH MXQFWLRQV EHWZHHQ DGMDFHQW WKLQVKHHW UHJLRQV 7KH TXDOLW\ RI WKH UHVXOWLQJ KH[DKHGUDO PHVK LV FRQVLGHUHG ZKHQ
PDNLQJGHFLVLRQVRQWKHJHQHUDWLRQDQGSRVLWLRQLQJRI WKHFXWWLQJVXUIDFHVUHTXLUHG WR LVRODWH WKLQVKHHW UHJLRQV7KHUHVXOWLQJ
GHFRPSRVLWLRQ GHOLYHUV D VXEVWDQWLDO VWHS WRZDUGV DXWRPDWLF KH[DKHGUDO PHVKLQJ IRU FRPSOH[ WKLQZDOOHG JHRPHWULHV ,W LV
SURSRVHGWKDWKH[DKHGUDOPHVKHVEHDSSOLHGWRWKHLGHQWLILHGWKLQVKHHWUHJLRQVE\TXDGPHVKLQJRQHRIWKHIDFHVERXQGLQJWKH
WKLQVKHHWUHJLRQDQGVZHHSLQJLWWKURXJKWKHWKLFNQHVVWRFUHDWHKH[DKHGUDOHOHPHQWV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,05
.H\ZRUGV7KLQVKHHWLGHQWLILFDWLRQDXWRPDWLFYROXPHGHFRPSRVLWLRQKH[DKHGUDOGRPLQDQWPHVKLQJVZHHSLQJJHRPHWULFUHDVRQLQJ
,QWURGXFWLRQ
)XOO\ DXWRPDWLFPHWKRGV IRU KH[DKHGUDO +H[PHVKLQJRI VROLGVZLWK JRRGTXDOLW\ HOHPHQWV KDYHEHHQ XQGHU
LQYHVWLJDWLRQ IRU PDQ\ \HDUV $OWKRXJK VLJQLILFDQW UHVHDUFK KDV EHHQ FDUULHG RXW >@±>@ WKH FRPSOH[LW\ RI WKH
PRGHOVWKDWFDQEHPHVKHGZLWKZHOOVWUXFWXUHGPHVKHVLVYHU\UHVWULFWHG0DQXDOGHFRPSRVLWLRQRIWKHPRGHOLQWR
VLPSOHVXEYROXPHVLVVWLOOWKHPDLQLQGXVWULDOURXWHWRDFKLHYLQJWKLVEXWWKLVSURFHVVLQYROYHVLQWHQVLYHHIIRUWDQG


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVWURELQVRQ#TXEDFXN
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of IMR 25
226   Liang Sun et al. /  Procedia Engineering  163 ( 2016 )  225 – 237 
VNLOOIURPWKHXVHU$FFRUGLQJWRDVXUYH\RIWKHDQDO\VWVLQ6DQGLD1DWLRQDO/DEVWKHJHRPHWU\GHFRPSRVLWLRQDQG
PHVKLQJSURFHVV WDNHDERXWRI WKH WRWDO WLPH LQPRGHOOLQJDQGVLPXODWLRQ >@7KHYLWDO FRQWULEXWLRQRI WKH
XVHU LV GLIILFXOW WR DFKLHYH DXWRPDWLFDOO\6LQFH D WRWDO UHPRYDO RI XVHU LQWHUYHQWLRQ LV QRW SRVVLEOH LQ WKH FXUUHQW
VWDJH RI WHFKQRORJ\ WKLV UHVHDUFK LV IRFXVHG RQ DQ LQFUHPHQWDO DSSURDFK WR +H[ PHVKLQJ E\ DXWRPDWLFDOO\
LGHQWLI\LQJ DQG SDUWLWLRQLQJ RXW WKH WKLQVKHHW UHJLRQV 7KH WDUJHW JHRPHWULHV DUH FRPSOH[ WKLQ ZDOOHG VWUXFWXUHV
ZKLFK DUH FRPPRQ LQ WKH DYLDWLRQ RU DXWRPRELOH LQGXVWU\ +H[ HOHPHQWV ZLWK JRRG TXDOLW\ ZLOO EH REWDLQHG E\
VZHHSLQJDTXDGPHVKWKURXJKWKHUHJLRQWKLFNQHVVOHDYLQJWKHUHVLGXDOUHJLRQVWREHPDQXDOO\GHFRPSRVHGIRUD
IXOO\+H[PHVKRUPHVKHGZLWKWKHWHWUDKHGUDO7HWHOHPHQWWRFUHDWHD+H[GRPLQDQWPHVK
7KHUHKDVEHHQPXFKUHVHDUFKRQDXWRPDWLFYROXPHGHFRPSRVLWLRQ IRU+H[PHVKLQJ3ULFHDQG$UPVWURQJ>@
XVHGWKH'PHGLDOREMHFW02WRGHFRPSRVHWKHYROXPHLQWRDFROOHFWLRQRISULPLWLYHVXEYROXPHV7KHPHWKRG
ZRUNVIRUDFHUWDLQFODVVRIJHRPHWU\EXWWKHUHLVVXSHUILFLDOWUHDWPHQWRIILQLWHFRQWDFWIHDWXUHVFRQFDYLWLHVDQGQ
YDOHQWYHUWLFHV.RZDOVNLHWDO>@SURSRVHGDQDOJRULWKPXVLQJWKHVPRRWKQHVVGULYHQIUDPHILHOGWRJHQHUDWHEORFN
VWUXFWXUHV WKDW FDQ EH XVHG WR JHQHUDWH IXOO+H[PHVKHV 7KHPDLQ GUDZEDFN RI WKH DSSURDFK LV WKDW WKHUH LV QR
WKHRUHWLFDOJXDUDQWHHWKDWWKHJHQHUDWHGIUDPHILHOGFRUUHVSRQGVWRWKHVWUXFWXUHRID+H[PHVK
6RPHUHVHDUFKIRFXVHVRQWKHLGHQWLILFDWLRQRIWKHVZHHSDEOHYROXPHV/XHWDO>@SURSRVHGDQDSSURDFKWR
FODVVLI\LQJ WKH HGJHV RI WKH PRGHO LQWR GLIIHUHQW W\SHV RI ORRSV EDVHG RQ ZKLFK GLIIHUHQW FXWWLQJ IDFHV DUH
FRQVWUXFWHG (GJH ORRSV RIIHU D JRRG JXLGDQFH IRU GHFRPSRVLWLRQ EXW LW FDQQRW JXDUDQWHH WR JHW WKH EHVW
GHFRPSRVLWLRQ FKRLFH 6RPH UHVHDUFK IRFXVHV RQ WKH LGHQWLILFDWLRQ RI WKH VZHHSDEOH YROXPHV /X HW DO >@
SUHVHQWHG DPHWKRG XVLQJ D VNHWFK EDVHG XVHU LQWHUIDFH WR DVVLVW WKHPDQXDO GHFRPSRVLWLRQ SURFHVV ,W LV D JUHDW
FKDOOHQJHWRDOLJQWKHLQSXWVWURNHWRWKHH[LVWLQJERXQGDULHVDQGWKHDSSURDFKUHTXLUHVVLJQLILFDQWH[SHULHQFHIURP
WKHXVHU:XHWDO>@SUHVHQWHGDPHWKRGIRULGHQWLI\LQJWKHJHQHUDOVZHHSDEOHYROXPHLQDPRGHO7KHPHWKRG
EHJLQVZLWKH[WUDFWLQJDOOSRWHQWLDOVZHHSGLUHFWLRQVDQGJHQHUDWLQJUHOHYDQWIDFHVHWV6HYHUDOFULWHULDDUHVHWXSDQG
DVVLJQHG DZHLJKW WR HYDOXDWH WKH FXWWLQJ IDFHV+RZHYHU WKH VRXUFH IDFH RI WKH VZHHSDEOH YROXPH LV FXUUHQWO\
OLPLWHGWRSODQDUIDFHVDQGWKHPRYLQJSDWKLVDVVXPHGWREHDVWUDLJKWOLQHSHUSHQGLFXODUWRWKHVRXUFHIDFH
,QWHUPVRIWKLQVKHHWLGHQWLILFDWLRQ5RELQVRQHWDO>@SURSRVHGDGHFRPSRVLWLRQSURFHVVEDVHGRQWKH02IRU
WKHSXUSRVHRILGHDOL]LQJWKHWKLQVKHHWUHJLRQVDVVKHOOHOHPHQW5RELQVRQ¶VZRUNRQLGHQWLI\LQJWKLQVKHHWUHJLRQV
KDVEHHQH[WHQGHGE\0DNHPHWDO>@WRILQGWKHORQJVOHQGHUUHJLRQVXVLQJDVHULHVRIVL]LQJPHDVXUHPHWKRGV
:KLOVW 5RELQVRQ IRFXVHG RQ JHQHUDWLQJ GHFRPSRVLWLRQV IRU VWLIIHQHG VKHOO PRGHOV 0DNHP XWLOL]HG WKH WKLQ
GHFRPSRVLWLRQ WRJHQHUDWHPL[HGVROLGHOHPHQWPHVKHV+RZHYHU WKHGHFRPSRVLWLRQSURGXFHGE\5RELQVRQ LVQ¶W
HQWLUHO\VXLWDEOHIRUKH[PHVKLQJSXUSRVHVDVWKHSDUWLWLRQLQJERXQGDULHVRIDOOWKLQVKHHWUHJLRQVZHUHRIIVHWLQDQ
DWWHPSW WRDFFXUDWHO\FDSWXUHVWUHVVHVDW WKH MXQFWLRQV ,Q WKLVZRUNRIIVHWVDUHRQO\SHUIRUPHG LQVLWXDWLRQVZKHUH
WKH\DUHUHTXLUHGWRPDLQWDLQWKHTXDOLW\RIWKHKH[HOHPHQWVEHLQJVZHSWWKURXJKWKHWKLQVKHHWUHJLRQ<LQHWDO
>@SURSRVHGDPHWKRG WR LVRODWH WKLQUHJLRQVXVLQJSRLQWVRQDQDSSUR[LPDWH02FRPSXWHGE\DQ2FWUHHEDVHG
DOJRULWKP)XOO'SYHUVLRQILQLWHHOHPHQWVZLWKWKHORZSRO\QRPLDORUGHUWKURXJKWKHWKLFNQHVVDUHDSSOLHGRQWKH
WKLQGRPDLQV7KH02EDVHGPHWKRGVZHUHUHVWULFWHGE\WKHFDSDELOLWLHVRIDUREXVWDQGHIILFLHQWLPSOHPHQWDWLRQRI
'022QHRIWKHPDLQGUDZEDFNVRIWKH02IRUWKLVDSSOLFDWLRQLVWKDWIRUWKLQZDOOHGVWUXFWXUHVZLWKFRPSOH[
IHDWXUHVD ORWRI WLPH LV VSHQWRQ WKHFDOFXODWLRQRIPHGLDOVXUIDFHVDURXQG WKHFRPSOH[IHDWXUHV6OLYHUHGJHVRU
IDFHV H[LVW LQ WKH02HYHQ IRU VLPSOHJHRPHWU\ DQG WLG\LQJ WKHPXS UHTXLUHV H[WUD HIIRUW VXFK DV H[WHQGLQJ DQG
WULPPLQJ 7KLV WLPH LV ZDVWHG IRU WKLV DSSOLFDWLRQ DV WKHVH UHJLRQV KDYH QR FRQWULEXWLRQ WR WKH WKLQVKHHW
LGHQWLILFDWLRQ 0DNHP >@ VWDWHV WKDW WKH PDMRULW\ RI WKH SURFHVV WLPH IRU GHFRPSRVLWLRQ LV DWWULEXWHG WR WKH
FDOFXODWLRQRIWKH02
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0DWFKLQJWRSRORJLHVIRUWKHWKLQVKHHWUHJLRQ
2YHUYLHZ
7KH REMHFWLYH RI WKLQVKHHW LGHQWLILFDWLRQ LV WR REWDLQ HTXLYDOHQW PDWFKLQJ WRSRORJLHV RQ ERWK WKH VRXUFH DQG
WDUJHWRIWKHWKLQVKHHWUHJLRQWRHQDEOHDVZHHSDEOHUHJLRQWREHH[WUDFWHG7KHVRXUFHDQGWDUJHWIDFHVDUHWKHIDFHV
UHWXUQHGIURPWKHIDFHSDLULGHQWLILFDWLRQSURFHVVLQWKHSUHYLRXVVHFWLRQ0DWFKLQJWRSRORJLHVDUHREWDLQHGXVLQJWKH
SURFHVVGHSLFWHG LQ)LJXVLQJ WKH VLGHDQGVLGHSURILOHV IURP)LJ D7KHILUVW VWHS LQ WKHSURFHVV LV WKH
GLVFUHWL]DWLRQRIWKH'ERXQGDU\HGJHVRIWKHVLGHDQGVLGHSURILOHVWRFUHDWH'SRO\JRQV7KHGLVFUHWL]DWLRQ
VL]HLVVHOHFWHGXVLQJDFRPELQDWLRQRIWKHWDUJHWHOHPHQWVL]HDQGWKHERXQGDU\VL]HLQRUGHUWRFDSWXUHWKHVPDOOHVW
IHDWXUHVLQWKHERXQGDU\SURILOH7KH'SRO\JRQVDUHXWLOL]HGIRUWKHSURMHFWLRQPHUJLQJLQWHUVHFWLRQDQGPDSSLQJ
VWDJHVRIWKHSURFHVV7KHVHDUHVKRZQLQ)LJF±IDQGDUHRXWOLQHGLQPRUHGHWDLOEHORZ

)LJ*HQHUDWLQJPDWFKLQJWRSRORJLHVDVLGHDQGVLGHERXQGDU\IURP)LJDEGLVFUHWL]DWLRQRIERXQGDULHVFSURMHFWLRQRIVLGH
GLVFUHWL]DWLRQWRVLGHGPHUJLQJH'LQWHUVHFWLRQI''PDSSLQJ
3URMHFWLRQ
3URMHFWLQJ WKH SRO\JRQDO ERXQGDU\ UHSUHVHQWDWLRQ RI RQH VLGH¶V ERXQGDU\ RQWR WKH XQGHUO\LQJ VXUIDFH RI WKH
RSSRVLWHVLGHDOORZVWKHPDWFKLQJWRSRORJLHV WREHJHQHUDWHGXVLQJVLPSOHPHUJHDQGLQWHUVHFWLRQRSHUDWLRQV7KH
VLGHSRO\JRQDOERXQGDU\UHSUHVHQWDWLRQ LVSURMHFWHGRUWKRJRQDOO\RQWR WKH VLGHXQGHUO\LQJVXUIDFH WRJHQHUDWH
WKHVLGHSURMHFWLRQUHIHUUHGWRDVVLGHSURMDQGVKRZQDVWKHJUH\GLVFUHWL]HGSURILOHLQ)LJF
5HODWLRQVKLSVEHWZHHQWKHRULJLQDO'SRO\JRQSRLQWVRQVLGHDQGWKHLUSURMHFWHGSRLQWRQVLGHSURMDUHVWRUHG
WRDOORZWKHPDSSLQJRIWKHPDWFKLQJWRSRORJ\EDFNWRVLGH)LJDVKRZVSRLQW^D`RQVLGHLVOLQNHGWRSRLQW
^D¶`LQWKHVLGHSURMRQVLGH,QJHQHUDOXVLQJDQDSSURSULDWHLQSXWDQJOHWROHUDQFHDQGDVSHFWUDWLR6HFWLRQ
HQVXUHVWKHSURMHFWLRQGRHVQ¶WLPSDFWWKHGRZQVWUHDPPHVKTXDOLW\$GGLWLRQDOFDUHKDVWREHWDNHQLIWKHSURMHFWLRQ
OLHVRXWVLGHWKHVXUIDFHERXQGDU\RIVLGH,Q)LJDWKHSURMHFWLRQRI^E`RQWRWKHVLGHXQGHUO\LQJVXUIDFHOLHV
RXWVLGH WKH VLGHERXQGDU\7KH FORVHVW SRLQW RQ WKH VLGHERXQGDU\^E¶` LV XVHG LI WKHGLVWDQFHGEHWZHHQ WKH
SURMHFWHGSRLQWV LV OHVV WKDQඥܦଶ ൅ ሺܲݔ ெܶሻଶZKHUH' LV WKHGLVWDQFHEHWZHHQ WKHVLGH IDFHV70 LV WKHPHUJLQJ
WROHUDQFH VHH VHFWLRQ  DQG3 LV WKH SDUDOOHO FRHIILFLHQW WR WDNH LQWR FRQVLGHUDWLRQ WKH VLGH DUH QRW H[DFWO\
SDUDOOHO,I WKHGLVWDQFHEHWZHHQWKHSURMHFWHGSRLQWVLVJUHDWHUWKDQඥܦଶ ൅ ሺܲݔ ெܶሻଶ)LJE WKHQVLGHSRLQW
^E
` LV SURMHFWHGRQWR VLGH LQVWHDG DQGE¶¶ZLOO EHFRPH SDUW RI WKHERXQGDU\RI WKH WKLQVKHHW7KLV SURMHFWLRQ
FULWHULRQHQVXUHVVZHHSDEOHWRSRORJLHVRIDFFHSWDEOHTXDOLW\DUHJHQHUDWHGWKURXJKRXWWKHSURFHVV
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
)LJ3URMHFWLRQWROHUDQFHDLQWROHUDQFHERXWRIWROHUDQFH
0HUJLQJ
7R DVVXUH HOHPHQW TXDOLW\ LQ WKH PHVK LW LV QHFHVVDU\ WR DYRLG WKH FUHDWLRQ RI VOLYHU UHJLRQV DQG PHUJH WKH
ERXQGDULHVZKLFKPD\FDXVHWKHPWRRFFXU7ZRRSHUDWLRQVDUHXVHGLQWKLVZRUNWRLGHQWLI\HQWLWLHVLQSUR[LPLW\
QDPHO\SRLQWWRSRLQWDQGSRLQWWROLQH7KHVHRSHUDWLRQVDUHSHUIRUPHGRQ WKH'VLGHDQGVLGHSURMSRO\JRQV
)LJGVKRZVWKHWZRSRLQWPHUJLQJRSHUDWLRQVZKHUHUHGSRLQWVUHSUHVHQWFORVHSRLQWVLGHQWLILHGLQWKHSRLQWWR
SRLQWRSHUDWLRQDQGEOXHSRLQWVUHSUHVHQWFORVHSRLQWVLQWKHSRLQWWROLQHRSHUDWLRQ
3RLQWWRSRLQWLGHQWLILHVWZRSRLQWVDVEHLQJLQSUR[LPLW\LIWKHGLVWDQFHEHWZHHQWKHPLVOHVVWKDQWKHVSHFLILHG
WROHUDQFH707RPD[LPL]HWKHEHQHILWRIWKHPHUJLQJRSHUDWLRQFDUHIXOVHOHFWLRQRIWKHPHUJLQJWROHUDQFHLVQHHGHG
>@1RUPDOO\WKHVL]HRIWKHPHUJLQJWROHUDQFH70LVVHWWREHVPDOOUHODWLYHWRWKHGLVFUHWL]DWLRQHOHPHQWVL]H
 WRJXDUDQWHH D VWDEOH LPSOHPHQWDWLRQRI WKHPHUJLQJSURFHVV7KLV HQVXUHV WKDW SRLQWV DUH QRW LGHQWLILHG DV
EHLQJ FORVH WR PRUH WKDQ RQH SRLQW IURP WKH RSSRVLWH VLGH 7KH SRLQWWRSRLQW RSHUDWLRQ LV SHUIRUPHG ILUVW WR
JXDUDQWHH WKDW D SRLQW LV PDWFKHG WR D FORVH SRLQW EHIRUH FRQVLGHULQJ LWV SURMHFWLRQ RQ D OLQH VHJPHQW RI WKH
SRO\JRQDOERXQGDU\LHWKHUHGSRLQWLQWKHSRO\JRQVLGHSURMLQ)LJE
3RLQWWROLQHGHWHUPLQHVZKHWKHUDSRLQWLVFORVHWRDOLQHVHJPHQW,IDSRLQW¶VSURMHFWLRQRQWKHOLQHVHJPHQWKDV
DQRUPDOL]HGSDUDPHWHUWDQGDSURMHFWHGGLVWDQFHOHVVWKDQWKHWROHUDQFH70WKHQWKHSRLQWLVGHWHUPLQHGWR
EHFORVHWRWKHOLQHVHJPHQWDQGLWVSURMHFWLRQSRLQWLVXVHGDVLWVSRLQWLQSUR[LPLW\7KHSRLQWWROLQHRSHUDWLRQLV
FDUULHGRXWIRUDQ\UHVLGXDOSRLQWVQRWLGHQWLILHGLQWKHSRLQWWRSRLQWRSHUDWLRQLHDOOSRLQWVLQ)LJEH[FHSWWKH
UHGSRLQWV5HVLGXDOSRLQWVRQERWKVLGHDQGVLGHSURMSRO\JRQVDUHLQWHUURJDWHGDJDLQVWWKHOLQHVHJPHQWVRQWKH
RSSRVLQJSRO\JRQDOERXQGDU\

)LJ0HUJLQJFORVHSRLQWV
$IWHUWKHLGHQWLILFDWLRQRISRLQWVFORVHWRRWKHUSRLQWVWKHVLGHSURMSRLQWVDUHUHSODFHGE\WKHLUFORVHSRLQWVLQWKH
VLGHSRO\JRQERXQGDU\WKHUHGSRLQWLQ)LJF3RLQWVFORVHWROLQHVHJPHQWVDUHUHSODFHGZLWKWKHLUSURMHFWHG
SRLQWVRQWKHOLQHVHJPHQWVWKHEOXHSRLQWVLQ)LJF0RGLILHGSRO\JRQDOERXQGDULHVDUHJHQHUDWHGDVDUHVXOWRI
WKHPHUJLQJ 7KH UHODWLRQVKLSV EHWZHHQ WKHPRGLILHG SRO\JRQDO ERXQGDULHV DQG WKHLU RULJLQDO UHSUHVHQWDWLRQV DUH
PDLQWDLQHGWKURXJKRXW
7KLVPHUJLQJVWHSLVXVHGWRDYRLGWKHFUHDWLRQRIDQ\VOLYHUIDFHVDIWHUWKHWRSRORJ\PDWFKLQJWKHKDWFKHGDUHDLQ
)LJERUVOLYHUYROXPHVDIWHUWKHWKLQVKHHWGHFRPSRVLWLRQ)LJEZKHUHVOLYHUHQWLWLHVDUHVPDOOHUWKDQWKH
WDUJHWHOHPHQWVL]H7KLVWUHDWPHQWRIVOLYHUVLVQRWFRQVLGHUHGLQRWKHUDSSURDFKHV0LVDOLJQPHQWVRFFXUULQJDIWHU
WKH RUWKRJRQDO SURMHFWLRQ DQG RYHUODSV  JDSV GXH WR ERXQGDU\ SURILOH SODFHPHQWV DUH WUHDWHG XVLQJ WKH
DIRUHPHQWLRQHG PHUJH RSHUDWLRQV )LJ  F 2QO\ HQWLWLHV FRQVLGHUHG DV VOLYHUV DUH UHPRYHG LQ WKLV SURFHVV
HQVXULQJDQ\PHVKGLVWRUWLRQWKURXJKWKHWKLFNQHVVRIWKHVZHHSDEOHWKLQVKHHWUHJLRQLVPLQLPDO
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
)LJ0HUJLQJWRDYRLGVOLYHUYROXPHVDRULJLQDOYROXPHEGHFRPSRVLWLRQZLWKRXWSRLQWPHUJLQJ±VOLYHUYROXPHJHQHUDWHGF
GHFRPSRVLWLRQZLWKSRLQWPHUJLQJQRVOLYHUYROXPHV
3RO\JRQLQWHUVHFWLRQ
7KHSRO\JRQLQWHUVHFWLRQJLYHVWKHPDWFKLQJWRSRORJLHVRIWKHVRXUFHDQGWDUJHWVXUIDFHVRIWKHWKLQVKHHWUHJLRQ
7RDFKLHYHWKHLQWHUVHFWLRQUHVXOWWKHPRGLILHGSRO\JRQDOERXQGDULHVRIVLGHDQGVLGHSURMDUHUHSUHVHQWHGLQWKH
SDUDPHWHUVSDFHRIWKHVXUIDFHLQZKLFKWKH\DUHFRQWDLQHGLHWKHVLGHVXUIDFH'SRO\JRQDOUHSUHVHQWDWLRQVRI
WKH PRGLILHG ' VLGH DQG VLGHSURM SRO\JRQV DUH JHQHUDWHG 7KLV WUDQVIRUPDWLRQ DOORZV WKH XVH RI VLPSOH '
SRO\JRQ%RROHDQRSHUDWLRQVWRREWDLQWKHLQWHUVHFWLRQ,QWKLVZRUNWKHSRO\JRQLQWHUVHFWLRQLVFDUULHGRXWXVLQJWKH
&OLSSHUOLEUDU\>@ZKLFKLVUREXVWDQGZRUNVIRUERWKFRQYH[DQGFRQFDYHSRO\JRQV
7KH LQWHUVHFWLRQ RSHUDWLRQ LV GHSLFWHG LQ )LJ  D ZKHUH WKH ' UHSUHVHQWDWLRQV RI VLGH DQG VLGHSURM DUH
VKRZQLQEODFNDQGUHGUHVSHFWLYHO\+DYLQJPDLQWDLQHGWKHUHODWLRQVKLSVWRWKHRULJLQDOSRO\JRQDOUHSUHVHQWDWLRQV
WKH DSSURSULDWH RULHQWDWLRQV DUH DVVLJQHG WR SURYLGH WKH RXWHU DQG LQQHU ORRS LQIRUPDWLRQ UHTXLUHG DV LQSXW 7KH
LQWHUVHFWLRQUHVXOWLVVKRZQLQ)LJEZKHUHIRXUVHSDUDWHSRO\JRQVDUHUHWXUQHG6LPSOHSRO\JRQDUHDFDOFXODWLRQ
DQGUHODWLYHSRVLWLRQVRISRO\JRQVDUHXVHGWRJURXSWKHVHWRIPDWFKLQJWRSRORJLHVLQFOXGLQJWKHLULQQHUDQGRXWHU
ORRSERXQGDULHV

)LJ'SRO\JRQLQWHUVHFWLRQDSRO\JRQVIURPERWKVLGHVLQGLIIHUHQWFRORUVELQWHUVHFWLRQUHVXOW
%RXQGDU\PDSSLQJ
+DYLQJREWDLQHGWKHPDWFKLQJWRSRORJLHVIURPWKHLQWHUVHFWLRQRSHUDWLRQWKHILQDOVWHSLVWRPDSWKHVHWRWKH'
ERXQGDU\ WKDW WKH\ UHSUHVHQW 6WRULQJ SRLQW UHODWLRQVKLSV WKURXJKRXW WKH SURFHVV DOORZV DOO SRLQWV LQ WKH '
LQWHUVHFWLRQSRO\JRQVWREHOLQNHGWRWKHLU'SRO\JRQDOUHSUHVHQWDWLRQDQGFODVVLILHGLQWRRQHRIWKHIROORZLQJ
x 7\SHD'SRLQWH[LVWLQJLQERWKVLGHDQGVLGHXVHVLWVFRUUHVSRQGLQJ'SRLQW
x 7\SHD'SRLQWWKDWH[LVWVLQVLGHRUVLGHLVSURMHFWHGWRWKHRSSRVLWHVLGH
x 7\SHD'SRLQWWKDWH[LVWVLQQHLWKHUVLGHQRUVLGHLHDQHZLQWHUVHFWLRQSRLQWLVPDSSHGWRVLGHWRJHW
WKH'VLGHSRLQWDQGWKHQSURMHFWHGWRVLGHWRJHWWKH'VLGHSRLQW
:KHQDSRLQWLVPDSSHGWRVLGHRUSURMHFWHGWRVLGHWKHSRO\JRQDOERXQGDU\UHSUHVHQWDWLRQVDUHLQWHUURJDWHG
WRGHWHUPLQHLILWQHHGVWREHWUDQVIRUPHGWRDQRULJLQDOERXQGDU\HGJHRIWKHVLGHIDFH
,GHQWLI\DQGLVRODWHWKLQVKHHWV
&RQVWUXFWVLGHHGJHVDQGZDOOHGJHV
7RGHFLGHWKHFXWWLQJIDFHVZKLFKZLOOEHXVHGWRSDUWLWLRQWKHPRGHOWKHERXQGLQJHGJHVDUHILUVWJHQHUDWHGRQ
WKHVLGHIDFHVEDVHGRQWKHERXQGDU\SRLQWVFDOFXODWHGLQWKHODVWVHFWLRQ7KHVHHGJHVDUHUHIHUUHGWRDVVLGHHGJHV
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$VLGHHGJHZLOOHLWKHUEHDQHZHGJHUHVXOWLQJIURPWKHLQWHUVHFWLRQZLWKWKHRSSRVLWHERXQGDU\IDFHDQH[LVWLQJ
HGJHRUDVXEVHWRIDQH[LVWLQJHGJH,QDOOVLWXDWLRQVWKHVWDUWDQGHQGSRLQWVRIWKHHGJHQHHGWREHGHILQHGLHWKH
HGJHERXQGLQJYHUWLFHV$SRLQW LVGHILQHGDV WKHYHUWH[RIDVLGHHGJH LI LWFRPHVIURPDQH[LVWLQJYHUWH[RI WKH
FRQWLQXRXVERXQGDULHVRULWUHSUHVHQWVDQHZLQWHUVHFWLRQSRLQWDVVKRZQLQUHGLQ)LJD*LYHQWKHSRLQWVVHWS
DQGWKHYHUWH[LQGLFHVVHW,WKHVLGHHGJH(MFDQEHFRQVWUXFWHGIURPRQHYHUWH[SRLQWWRWKHQH[WYHUWH[SRLQWDV
݌ ൌ ሼ݌௜ ǡ ݅ א ሾͲǡ ݊ െ ͳሿሽǡ ܫ ൌ ሼܫ௝ǡ ݆ א ሾͲǡ݉ െ ͳሿሽǡ ܧ ൌ ሼ ܧ௝ ൌ ቂ݌ூೕ ǡ ݌ூೕశభቃ ǡ ݆ א ሾͲǡ݉ െ ͳሿǡ ܫ௠ ൌ ܫ଴ ሽ 
,IDOOWKHSRLQWVGHILQLQJWKHVLGHHGJHOLHRQWKHVDPHH[LVWLQJHGJHWKHQWKHJHRPHWULFDOFXUYHRIWKHHGJHZLOO
EHH[WUDFWHGDQGWKHSRUWLRQWKDWLVERXQGHGE\WKHYHUWLFHVRIWKHVLGHHGJHZLOOEHXVHGDVWKHXQGHUO\LQJFXUYHRI
WKHVLGHHGJH2WKHUZLVHDQHZFXUYHZLOOEHJHQHUDWHGE\ILWWLQJWKURXJKWKHGHILQLQJSRLQWVLQWKHVLGHIDFH)RU
WKHIDFHSDLULQ)LJWKHUHZLOOEHVLGHHGJHVRIZKLFKDUHH[WUDFWHGIURPH[LVWLQJHGJHVVKRZQLQEODFNLQ
)LJEDQGWKHRWKHURQHFUHDWHGE\ILWWLQJDFXUYHWKURXJKSRLQWVVKRZQLQUHGLQ)LJE7KHUHODWLRQVKLS
EHWZHHQ D VLGH HGJH DQG LWV FRUUHVSRQGLQJ VLGH HGJH RQ RSSRVLWH VLGH IDFH LV GHILQHG GXULQJ WKH PHUJLQJ DQG
LQWHUVHFWLRQSURFHGXUH7KH\DUHUHIHUUHGWRDVDVLGHHGJHSDLU)LJE)URPWKLVLQIRUPDWLRQHGJHVFRQQHFWLQJ
WKHPDWFKHGYHUWLFHVRI WKHSDLUHGVLGHHGJHVDUHGHILQHGZKLFKDUH UHIHUUHG WRDVZDOOHGJHV6LPLODU WR WKHVLGH
HGJHDZDOOHGJHLVHLWKHUDQH[LVWLQJHGJHRQDQH[LVWLQJZDOOIDFHDQHZHGJHRQDQH[LVWLQJZDOOIDFHRUDQHZ
HGJHWKURXJKWKHYROXPHRIWKHWKLQVKHHWUHJLRQ7KHUHZLOOEHWZRZDOOHGJHVEDVHGRQH[LVWLQJZDOOHGJHVVKRZQ
LQEODFNLQ)LJFDQGWZRZDOOHGJHVFUHDWHGIURPILWWLQJDFXUYHRQWKHVXUIDFHVKRZQLQUHGLQ)LJF

)LJ)RUIDFHSDLULQ)LJDERXQGDU\SRLQWVRIWKLQVKHHWWKHYHUWH[SRLQWVDUHLQUHGEVLGHHGJHVILWWHGHGJHLQUHGIURPH[LVWLQJ
HGJHVLQEODFNFZDOOHGJHVILWWHGHGJHVLQUHGIURPH[LVWLQJHGJHVLQEODFN
&RQVWUXFWFXWWLQJIDFHV
(DFKSDLURIVLGHHGJHVDQGWKHFRQQHFWHGZDOOHGJHVGHILQHDIRXUVLGHGIDFHZKLFKPD\EHXVHGWRSDUWLWLRQWKH
VROLGPRGHOUHIHUUHGWRDVDFDQGLGDWHFXWWLQJIDFH7KHFDQGLGDWHFXWWLQJIDFHZLOOEHHLWKHUDQH[LVWLQJZDOOIDFHRU
DVXEVHWRIDQH[LVWLQJZDOOIDFHRUDQHZIDFH)RUH[DPSOHWKHUHZLOOEHIRXUFDQGLGDWHFXWWLQJIDFHVIRUWKHIDFH
SDLULQ)LJRQHRIZKLFKLVDQHZIDFHDQGWKHRWKHUWKUHHDUHIURPH[LVWLQJZDOOIDFHV,QRUGHUWRJXDUDQWHHWKH
TXDOLW\RIPHVKZKLFKFDQEHFUHDWHGLQWKHPRGHOLQFOXGLQJWKHWKLQVKHHWUHJLRQVDQGWKHUHVLGXDOUHJLRQVLWLV
QHFHVVDU\ WRGHWHUPLQHZKHWKHU D FDQGLGDWH FXWWLQJ IDFH VKRXOGEHXVHGGLUHFWO\RU D QHZFXWWLQJ IDFH VKRXOGEH
FUHDWHG
7KHFDQGLGDWHFXWWLQJIDFHIURPDQHZIDFHZLOOEHHLWKHUXVHGDVLVRURIIVHWLQWRWKHWKLQVKHHWUHJLRQWRHQVXUH
WKHUHJLRQUHPDLQLQJDIWHUWKHGHFRPSRVLWLRQLVVWLOOVXLWDEOHIRUDJRRGTXDOLW\PHVK7KHPRGHOLQ)LJDKDVWZR
FDQGLGDWHFXWWLQJIDFHVZKLFKDUHQHZIDFHVDVKLJKOLJKWHG7KHOHIWRQHFDQEHGLUHFWO\XVHG+RZHYHUDQRIIVHW
ZLOOEHUHTXLUHGIRUWKHULJKWRQH)LJERWKHUZLVHWKHSDUWLWLRQLQJZLOOJHQHUDWHDVXEYROXPHZLWKDGLKHGUDO
DQJOHFORVHWR]HURGHJUHHVLQWRZKLFKDSRRUTXDOLW\+H[HOHPHQWZLOOKDYHWREHLQVHUWHG

)LJDUHVXOWE\XVLQJWKHFDQGLGDWHFXWWLQJIDFHVEUHVXOWE\RIIVHWWLQJWKHULJKWKDQGVLGHFDQGLGDWHFXWWLQJIDFHZKLFKLVIURPDQHZIDFH
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:KHUH WKH FDQGLGDWH FXWWLQJ IDFH LV DQ H[LVWLQJ ZDOO IDFH LW ZLOO QRW EH XVHG WR SDUWLWLRQ WKH PRGHO DV QR
SDUWLWLRQLQJLVUHTXLUHG%XWLWQHHGVWREHGHWHUPLQHGZKHWKHUDQHZFXWWLQJIDFHLVUHTXLUHGE\FUHDWLQJDQHZIDFH
ERXQGHG E\ WKH VDPH VLGH HGJHV RU E\ RIIVHWWLQJ WKH FXUUHQW VLGH HGJHV )RU WKH IDFH SDLU LQ )LJ  WKH WKUHH
FDQGLGDWHFXWWLQJ IDFHV IURPH[LVWLQJZDOO IDFHVDUHQRWQHFHVVDU\ IRU WKHGHFRPSRVLWLRQDQGRQO\ WKHRQH IURPD
QHZ IDFHZLOOEHXVHG7KHGHFRPSRVHG WKLQVKHHWDQG WKH+H[PHVKJHQHUDWHGZLWK WKH VZHHSLQJDOJRULWKPDUH
VKRZQLQ)LJD1RWHWKDWWKH+H[PHVKJHQHUDWHVDVWUXFWXUHGTXDGULODWHUDOPHVKRQWKHZDOOIDFHVLHHYHU\
LQWHUQDOQRGHKDVLQFLGHQWHOHPHQWV+RZHYHULI WKHPRGHOLQ)LJKDVDFXUYHGHQGRQWKHOHIWZLWKWKHVDPH
FXWWLQJ IDFH WKH GHFRPSRVHG WKLQVKHHW DQG WKH +H[ PHVK ZLOO EH DV VKRZQ LQ )LJ  E ,W VWLOO JHQHUDWHV D
VWUXFWXUHGTXDGULODWHUDOPHVKEXWWKHTXDOLW\RIVRPHPHVKHOHPHQWVRQWKHIURQWZDOOIDFHLVSRRU)RUVXFKDIDFH
WRJHWDPHVKZLWKJRRGTXDOLW\ERXQGDU\DOLJQHGDQGZLWKFRUQHUDQJOHVaGHJUHHVPHVKVLQJXODULWLHVPXVWEH
LQWURGXFHG1RGHVLQWKHPHVKZKHUHPRUHRUOHVVWKDQHOHPHQWVPHHWDUHNQRZQDVPHVKVLQJXODULWLHVSRVLWLYH
VLQJXODULWLHVLI!HOHPHQWVPHHWLQJDWWKHQRGHDQGQHJDWLYHVLQJXODULWLHVLIHOHPHQWVDWWKHQRGH$UPVWURQJHW
DO>@SURSRVHGDQHTXDWLRQWRFDOFXODWHWKHQHWQXPEHURIWKHPHVKVLQJXODULWLHVRQDIDFH
෍ሺߨʹܰ െ ߠሻ ൅෍න݇௚݀ݏ ൅ඵܭ݀ܣ ൅ ሺ݊ା െ ݊ିሻ
ߨ
ʹ ൌ Ͳ 
,QWKHHTXDWLRQșLVWKHFRUQHUDQJOH1WKHRSWLPXPHOHPHQWQXPEHUDWDYHUWH[ZKLFKFDQEHFDOFXODWHGXVLQJ
ܰ ൌ ݎ݋ݑ݊݀ ሺ ߠߨ ʹΤ ሻ 
NJ WKH JHRGHVLF FXUYDWXUH RI WKH HGJHV. WKH *DXVVLDQ FXUYDWXUH RI WKH IDFH Q DQG Q WKH QXPEHU RI SRVLWLYH
VLQJXODULWLHV DQG QHJDWLYH VLQJXODULWLHV 7KH DGGLWLRQ RI WKH ILUVW WKUHH WHUPV DOZD\V JLYHV DPXOWLSOH RI ʌ )RU
H[DPSOH VXSSRVH WKHERXQGDU\RI WKHVKDSH LQ)LJ F LVFRPSULVHGRIDKDOIFLUFOHDQGVWUDLJKW OLQHV)RU WKLV
VKDSHWKHILUVWWHUPLQHTXDWLRQLV]HURVLQFHDOOWKHDQJOHVDUHDPXOWLSOHRIʌWKHVHFRQGLWHPLV
 ෍න݇௚݀ݏ ൌ න
ͳ
ܴ ݀ݏ ൌ
ͳ
ܴ ൈ ߨܴ ൌ ߨ

DQGWKHWKLUGLWHPLV]HURVLQFHLWLVRQDSODQDUIDFH6R
 Ͳ ൅ Ɏ ൅ Ͳ ൅ ሺ݊ା െ ݊ିሻ
ߨ
ʹ ൌ Ͳ

 ݊ା െ ݊ି ൌ െʹ 
PHDQLQJWZRQHJDWLYHVLQJXODULWLHVDUHUHTXLUHGIRUWKLVVKDSHDVVKRZQLQ)LJF7KHUHIRUHDQHZFXWWLQJIDFH
LVQHHGHGWRLVRODWHWKHVLQJXODULWLHVDQGIXUWKHUGHFRPSRVHWKHPRGHOLQWRWZRYROXPHVDVVKRZQLQ)LJG7KH
ULJKWKDQGVLGHRQHZLOOEHDWKLQVKHHWDQGPHVKHGZLWKWKHVZHHSLQJDOJRULWKP7KHOHIWKDQGVLGHRQHZLOOEHOHIW
WRPHVKZLWKRWKHU+H[PHVKLQJDOJRULWKPVRUILOOHGZLWK7HWHOHPHQWV

)LJDWKLQVKHHWDQG+H[PHVKIRUWKHIDFHSDLULQ)LJEWKLQVKHHWDQG+H[PHVKLIWKHPRGHOLQ)LJKDVDFXUYHGHQGFH[DPSOHRI
WKHPHVKVLQJXODULW\IRUDZDOOIDFHLQEGGHVLUHGGHFRPSRVLWLRQUHVXOW
(TXDWLRQRQO\JLYHVWKHQHWQXPEHURIWKHPHVKVLQJXODULWLHVEXWWKHSRVLWLRQVRIWKHPHVKVLQJXODULWLHVDUH
QRWNQRZQ+HUHDPHWKRGIRUGHWHUPLQLQJZKHWKHUDQGE\KRZPXFKWRRIIVHWDFDQGLGDWHFXWWLQJIDFHLVSURSRVHG
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EDVHGRQ WKHRSWLPXPHOHPHQWQXPEHUVDW WKHVLGHHGJHVDQG WKHPHVKVLQJXODULW\QXPEHU7KLVDOORZV WKHPHVK
VLQJXODULWLHVWREHLVRODWHGDQGHQVXUHVWKHLQWURGXFWLRQRIWKHFXWWLQJIDFHZLOOQRWUHVXOWLQQDUURZUHJLRQV$VOLFH
LVPDGHDWWKHPLGGOHSRLQWRIRQHVLGHHGJHDQGSHUSHQGLFXODUWRWKHWDQJHQWRIWKHVLGHHGJH2QWKHFURVVVHFWLRQV
LQ)LJWKHVLGHIDFHVEHFRPHFXUYHVVKRZQLQEROGEODFNOLQHVDQGWKHVLGHHGJHVEHFRPHWZRSRLQWV$DQG%
7KHFDQGLGDWHFXWWLQJIDFHLVVKRZQLQDUHGVROLGOLQHLILWLVIURPDQH[LVWLQJIDFHDQGLQDGDVKHGUHGOLQHLILWLV
IURPDQHZIDFH/HW1$DQG1%EHWKHRSWLPXPHOHPHQWQXPEHUDWWKHFRUQHUVZLWKWKHVLGHHGJHV
x 1$ RU1% DQRIIVHWZLOOEHPDGHRWKHUZLVHWKHTXDOLW\RIWKHHOHPHQWDWWKHFRUQHUZLOOEHSRRU)LJD
x 1$ DQG1% LIWKHFDQGLGDWHFXWWLQJIDFHLVDQHZIDFH)LJERIIVHWKDVWREHPDGHRWKHUZLVHLWZLOO
JHQHUDWHDYROXPHZLWKDGLKHGUDODQJOHFORVHWR]HURGHJUHHV,ILWLVIURPDQH[LVWLQJZDOOIDFH)LJFD
VWUDLJKWOLQH&'LVDGGHGWRWKHVHFWLRQFXUYHSHUSHQGLFXODUO\WRIRUPDFORVHGIRXUVLGHGVKDSH$%&'7KH
QXPEHURIVLQJXODULWLHVRIWKHHQFORVHGVKDSHVKRXOGEH]HUR7RDYRLGWKHH[LVWHQFHRIDSDLURISRVLWLYHDQG
QHJDWLYHVLQJXODULWLHVVDPSOHSRLQWVDUHFUHDWHGDORQJ$%&'EDVHGRQWKHQXPEHURIHOHPHQWOD\HUVHJ(*
DQGPDNHWKHFXUYHFRQQHFWLQJWKHPSDUDOOHOWR$&7KHQXPEHURIVLQJXODULWLHVRQWKHVXEVKDSH$(*&VKRXOG
DOVREH]HUR,Q)LJELI$(LVDTXDUWHURIDFLUFOHDQGș( LWFDQEHFDOFXODWHGWKDWWKHUHZLOOQHHGWREHD
SRVLWLYHVLQJXODULW\LQ$(*'VRDQRIIVHWZLOOEHPDGH)LJG,IWKHUHDUHQRVLQJXODULWLHVLQDQ\VXEVKDSH
WKHFDQGLGDWHFXWWLQJIDFHLVQRWXVHGDQGQRRWKHUIDFHVDUHQHHGHG)LJH
x 1$ 1%!RU1% 1$!DQRIIVHWZLOOEHPDGH)LJI
x 1$tDQG1%tLIWKHFDQGLGDWHFXWWLQJIDFHLVIURPDQH[LVWLQJZDOOIDFHDQHZIDFHFRQQHFWLQJWKHWZRVLGH
HGJHVLVFUHDWHG6DPSOHSRLQWVDUHJHQHUDWHGRQWKHFXUYHUHSUHVHQWLQJWKHFDQGLGDWHFXWWLQJIDFHEDVHGRQWKH
GHVLUHGQXPEHURIHOHPHQWOD\HUVWKURXJKWKHWKLFNQHVV,IWKHGLVWDQFHEHWZHHQDVDPSOHSRLQWDQGWKHQHZIDFH
LVODUJHUWKDQWKHWDUJHWHOHPHQWVL]HWKHQWKHQHZO\FUHDWHGIDFHZLOOEHXVHG)LJJ,IWKHQHZIDFH
LQWHUVHFWVZLWKWKHFDQGLGDWHFXWWLQJIDFH)LJKRUWKHPLQLPXPGLVWDQFHEHWZHHQWKHPLVOHVVWKDQWKH
WDUJHWHOHPHQWVL]H)LJLWKHQWKHFXWWLQJIDFHZLOOEHFUHDWHGE\RIIVHWWLQJWKHVLGHHGJHVRIWKHFDQGLGDWH
FXWWLQJIDFH,IWKHFDQGLGDWHFXWWLQJIDFHLVIURPDQHZIDFH)LJMVLPLODUFKHFNVDQGGHFLVLRQVDUHPDGH
EHWZHHQVDPSOHSRLQWVRQFXUYHVEHWZHHQ$DQG%DQGWKHFDQGLGDWHFXWWLQJIDFH)RUWKHH[DPSOHLQ)LJM
WKHFDQGLGDWHFXWWLQJIDFHZLOOEHXVHG
,IDQRIIVHWLVH[SHFWHGHDFKVLGHHGJHRIWKHFDQGLGDWHFXWWLQJIDFHLVRIIVHWRQLWVVLGHIDFH7KHRIIVHWGLUHFWLRQV
DUHWKHWDQJHQWRIWKHLQWHUVHFWLRQFXUYHVZLWKWKHVLGHIDFHVDWSRLQW$DQG%UHVSHFWLYHO\DV7$DQG7%VKRZQLQ
)LJ D$SRLQWRQ WKH LQWHUVHFWLRQFXUYHVEHWZHHQ$DQG% LV LGHQWLILHGZKLFKKDV WKHPD[LPXPSURMHFWLRQ
GLVWDQFH DORQJ WKH RIIVHW GLUHFWLRQ7$ DV WKH JUHHQ SRLQWV VKRZQ LQ )LJ +HUH WKH RIIVHW LVPDGH VR WKDW WKH
PLQLPXPGLVWDQFH/ EHWZHHQ WKLV SRLQW DQG WKH ILQDO FXWWLQJ IDFH LV KDOI RI WKH ORFDO WKLFNQHVVRI WKH WKLQVKHHW
$IWHURIIVHWWKHZDOOHGJHVDUHFUHDWHGDVVWUDLJKWOLQHVRUFXUYHVRQWKHH[LVWLQJZDOOIDFHVFRQQHFWLQJWKHPDWFKHG
YHUWLFHVRI WKHRIIVHWVLGHHGJHV7KHILQDOFXWWLQJ IDFHVDUHJHQHUDWHGE\ILOOLQJ WKHUHJLRQERXQGHGE\ WKHSDLUHG
VLGHHGJHVDQGZDOOHGJHV

)LJ'LIIHUHQWWUHDWPHQWVRIWKHFDQGLGDWHFXWWLQJIDFHV
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*HRPHWULFDOGHFRPSRVLWLRQ
7KHILQDOFXWWLQJIDFHVDUHXVHGWRGHFRPSRVHWKHPRGHO$IWHUWKHGHFRPSRVLWLRQWRGHWHUPLQHZKLFKUHJLRQLVD
WKLQVKHHWDWHVWSRLQWLVFUHDWHGE\WULDQJXODWLQJWKHILQDOVLGHIDFHVRQVLGHLQWKHSDUDPHWHUVSDFHDQGLGHQWLI\LQJ
WKHFHQWURLGRIWKHODUJHVWWULDQJOH7KHUHJLRQWKDWFRQWDLQVWKHWHVWSRLQWZLOOEHLGHQWLILHGDVDWKLQVKHHW
5HVXOWVDQGGLVFXVVLRQ
7KHGHVFULEHGDSSURDFKKDVEHHQLPSOHPHQWHGXVLQJWKH&ODQJXDJHDQG1(7IUDPHZRUN$3,VLQ6LHPHQV1;
7KH WKLQVKHHW LGHQWLILFDWLRQSURFHVVHVDUH LPSOHPHQWHGRQD*+],QWHO&RUH70 L&38PDFKLQH
ZLWK*%5$05HVXOWVIRUDVHOHFWLRQRIPRGHOVDUHJLYHQLQ)LJZKHUHWKHWKLQVKHHWVDUHVKRZQLQJUHHQ
DQGWKHUHVLGXDOUHJLRQVLQ\HOORZ7KHWLPHVSHQWLQWKHLGHQWLILFDWLRQSURFHVV WKHQXPEHURIWKLQVKHHWVDQGWKH
YROXPHRFFXSDWLRQDUHVXPPDUL]HGLQ7DEOH

)LJ7KLQVKHHWVLGHQWLILFDWLRQUHVXOWV
7DEOH'HJUHHRIIUHHGRPRIWKHIRXUDQDO\VLVPRGHOV
0RGHOV D E F G H I
7LPHV      
1XPEHURIWKHWKLQVKHHWV      
9ROXPHRIWKHWKLQVKHHWV      
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'HJUHHRIIUHHGRP'2)UHGXFWLRQ
7KHSXUSRVHRILGHQWLI\LQJDQGLVRODWLQJWKHWKLQVKHHWUHJLRQVLVWKDWVLJQLILFDQW'2)VDYLQJFDQEHDFKLHYHGE\
XVLQJ DQLVRWURSLF +H[ HOHPHQWV LQ WKH WKLQVKHHW UHJLRQV $ UHSUHVHQWDWLYH LQGXVWULDO PRGHO WKH &5(6&(1'2
FRPSUHVVRU LQWHUFDVLQJ >@ LV XVHG KHUH IRU GHPRQVWUDWLRQ 7KH'2) DQG WKH DQDO\VLV DFFXUDF\ DUH FRPSDUHG
EHWZHHQDEHQFKPDUN7HWPHVKHGPRGHODQGWKHPL[HGHOHPHQWVPHVKHGPRGHOZKHUHWKHWKLQVKHHWVDUHPHVKHG
ZLWK+H[HOHPHQWVDQGWKHUHVLGXDOUHJLRQVDUHPHVKHGZLWK7HWHOHPHQWV)RUFODULW\RQO\RIWKHPRGHOLVXVHG
7KHRULJLQDOPRGHO LV VKRZQ LQ)LJDDQG LWZDVPHVKHGZLWKGHQVHQRGH7HWHOHPHQWVDV VKRZQ LQ)LJ
E7KHGHFRPSRVHGVROLGPRGHOLVVKRZQLQ)LJFZKHUHWKLQUHJLRQVKDYHEHHQLGHQWLILHGIRUWKLVPRGHO
DQGRFFXS\DSSUR[LPDWHO\RI WKHPRGHO¶VYROXPH7KUHHPL[HGHOHPHQWDQDO\VLVPRGHOVZHUHJHQHUDWHGIRU
FRPSDULVRQ DQG IRU DOO WKHPRGHOV S\UDPLG HOHPHQWV DUHJHQHUDWHG WR WUDQVLWLRQEHWZHHQ+H[ HOHPHQWV DQG7HW
HOHPHQWV7KHPHVKHVDUHPDQXDOO\FUHDWHGLQ1;DQGFRQVLVWRI
 ,VRWURSLF+H[IRUWKLQVKHHWVWKHWKLQVKHHWVDUHPHVKHGZLWKLVRWURSLFQRGH+H[HOHPHQWVDQGWKHUHVLGXDO
UHJLRQVDUHPHVKHGZLWKQRGH7HWHOHPHQWV)LJG
$QLVRWURSLF+H[IRUWKLQVKHHWVWKHWKLQVKHHWVDUHPHVKHGZLWKDQLVRWURSLFQRGH+H[HOHPHQWZLWKDQDVSHFW
UDWLRODWHUDOGLPHQVLRQVWRWKLFNQHVV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